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(54) Apparatus and method for producing a desired return torque in a vehicle power steering 
system 



(57) A vehicle power steering system 24 has a 
6teering shaft 29, 51 with a rotational position sensor 32 
providing signal rollover so that each sensor output indi- 
cates a plurality of potential absolute steering positions 
separated from each other by multiples of a rollover 
angle. Upon each initiation of vehicle operation, the sys- 
tem selects, as an unadjusted steering position, one of 
the plurality of absolute steering positions correspond- 
ing to an initial sensor output; and the system repeat- 
edly updates the unadjusted steering position in 
response to sensor output changes, including sensed 
rollover events. The system repeatedly tests a set of 
revolution offsets with the updated unadjusted steering 
position and excludes any which indicate an out-ol- 
range absolute steering position. The final remaining 
revolution offset is latched as the correct value. Prefera- 
bly, a temporary value of revolution offset used with the 
unadjusted position during the testing provides a return 
or centering torque of zero; and, once the final value is 
latched, the temporary value is walked incrementally 
toward the final value, when the return torque value is in 
the correct centering direction, to avoid a sudden 
increase in return torque or a return torque in the wrong 
direction. The walk ends when (1) the temporary value 
of revolution olfset reaches the final value or (2) the true 
value of steering position, derived from the final value of 
revolution offset and the unadjusted position, reaches 
center, whichever occurs first. Thereafter, the final value 



of revolution offset is used with the updated unadjusted 
value to determine the absolute value, and thus return 
torque. 

Fig.1. 
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[0001] The technical field of this invention is the determination of a desired return torque in a vehicle power steering 
system having a total range of steering position greater than the output range of a rotational position sensor. 

BACKGROUND OF THE INVENTION 

[0002] Some vehicle power steering systems use an actuator coupled to the steering shaft to provide power assist in 
vehicle .steering. It .s often desirable in such systems to provide a return torque command to the actuatoVso as to heto 
return the steering gear to a centered position and provide a stable steering feel to the vehicle operator Such a return 
torque command is generated as a function of steering position as shown in the graph of FIG. 4. provided the steerina 
posrtion is known. Rotational position sensors having high resolution and other desirable characteristics may be cou- 
pled to the steering shaft to provide an output voltage varying in a substantially linear manner from a first voltage to a 
second voltage through a rollover angle comprising an entire 360 degree rotation or some sub-multiple thereof But the 
rlotr sha " * pically r ° tate ? through a plurali * of such revolutions ° r sub-multiple angles, and therefore a plurality of 
repetftons of tf* ,ro Mover angle, as the rack is moved from one end to the other of its operational range. Thus a sensor 

a h° ff"!? f ° r maXimUm reSOlUti ° n in the ^ Signal is similar, y rotated thro "9 h a plurality 

of repetitions of the output voltage range and produces a rollover transition at the end of each repetition when L vol 

age jumps from one extreme to the other. The output of a sensor so coupled does not by itself provide a unique absolute 

steering posrtion; rather, it provides a set of steering positions separated by a rollover angle corresponding to the full 

output voltage range. It is thus necessary, in order to know the absolute rotational position, to compensate the sensor 

outout signal for such rollover transitions. But an offset parameter must also generally be generated eiry time a nS 

vehicle .gnition cyde ,s initiated, since the sensor may have been rotated into a different range of its oSETSifc 

ignition was off with no rollover transition being sensed. 

[0003] When operation of a vehicle with such a steering system is initiated, it is not known for certain whether the 

tZE^FST*? : S d6Sirable 10 det6rmine *■ system ' s abso,ute rotetionalSn S 

1 C ° n,,denc 4 e h be ' ore flying full return torque. In addition, once the absolute steering position is known 
ator phase in the return torque in a gradual, controlled manner that is not objectionable to the vehicle oper- 
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SUMMARY OF THE INVENTION 

[0004] The method and apparatus of this invention determines an absolute steering position and return torque for a 
vehicle power steering system having a steering shaft with a rotational position sensor providing staSSlS! Z*£ 

T££2g! ,ndica,es 3 pluralrty * potential absolule s,eering posifons separat ^ ,rom -* 

[0005] The method is performed by the apparatus upon each initiation of vehicle operation and begins by selectino 

™££2Z ESS" 8 P0 ? ti ° n ' ° f the P ' Urality * Steering P08iti0ns to an JKJSSSS 

^JLinSf J 7 9 ^ °" ' S repeat6d,y Updated in response 10 ™W chan 9 es of the rotational position sensor 

t^ss^ss^^^ so that ii the ,uN range o< steerin9 p 05 ^- « ™» £ sum 

a revolution oflset wh.ch ,s an integer multiple of the rollover angle. The updated value is repeatedly tested aoainsta 

sis •* ttj^t * determine which * *»• m ^ combina «° n jssssxii 

M JZZSSZT « T" t0ta ' ran9C ° f S,eerin9 p0Siti0a Any such rev0,uti °" «*« - the pSeter- 
m.ned set found to be impossible is excluded; and. when only one is left, it is latched as the final revolution offset After 

sL^sSa 6teerin9 POS * 0n iS ,hfe ,inal ™ M *•« in combination^Tet^S 

E 0^^°"" tT rin 5, 6yStem haS a " aCtuator coupled to 1116 8teerin 9 sha « «>' «*» provision of a return 
ISrSSh T? r"!"* 31 ^ *"° r6V0,l<ti0n 0,18618 remain unexcluded ' a ,irst retum «"""-2 

ZT^JmT^ M '° n '." C ° mbinati ° n ™* the updated unad i usted PO** and in a ^ 

SSlrSS^l 5 reVOlUti ° n ^ iS Preferably <irst given a value in combination with the 

' f f?" n0 P0S,t '° n ' Pr0vid6S a return ,orque of zero - After on 'y one final revolution offsa Zate 
unexcluded an absolute steering position is derived from the one final revolution offset in combination SShTZI 

SSS^Z^T IS 8 SeC ° nd retUm ,0rqU6 C ° mmand is derived ,rom < he abso1 ^ steLg S and pro- 

vided to the actuator to produce a second return torque. 
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10007] To avoid a sudden increase in return torque when the one final revolution offset is found, the temporary reyo- 
ution offset is preferably walked incrementally toward the one final revolution offset, with return torque derived from foe 
temporary revolution offset so changed in combination with the updated unadjusted steenng posrtion as long as the 
derived return torque is in the correct centering direction, until either (1 ) the temporary revolution offset arrives within a 
s first predetermined small distance of the one final revolution offset, or (2) when a true absolute steenng posrtion. 
derived from the one remaining revolution offset in combination with the updated unadjusted posrtion arrives within i a 
second predetermined small distance of the center position, whichever occurs first Preferably, thereafter the absolute 
steering position and return torque are derived from the final revolution offset in combination with the unadjusted steer- 
ing position. 

w 100081 In an optional addition, a usable revolution offset may be set as a target before the one final revolubon offset 
is identified and the temporary revolution offset may be walked incrementally toward the usable revoluton offset, with 
return torque derived from the temporary revolution offset so changed in combination with the updated unadjusted 
steering position as long as the derived return torque is in the correct centering direction. 

J5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

FIG 1 shows a vehicle power steering system which provides an environment for the apparatus of this invention. 
so FIG. 2 is a graphical representation of the output signal of a rotational position sensor with a rollover output signal 
used as a steering angle 6ensor in the power 6teering system of FIG. 1 . 

FIG 3 shows a graphical representation of the output signal of FIG. 3 with rollover compensation applied. 
FIG 4 is a graph of return torque as a function of absolute steering position in the power steering system of FIG. v 
FIG. 5 shows a flow chart of a routine RETURN TORQUE comprising part of an embodiment of the method and 
25 apparatus of this invention. 

FIG. 6 shows a flow chart of a subroutine TEST comprising part of an embodiment of the method and apparatus 

Fia? shots°a f low chart of a subroutine WALK comprising part of an embodiment of the method and apparatus 

of this invention. , ... ... ... ,. 

30 FIG. 8 shows a graphical representation of desired return torque as a function of true position useful in illustrating 
an example of the operation of the method and apparatus of this invention. 

FIG. 9 shows a flow chart of a variation of routine RETURN TORQUE comprising part of another embodiment of 
the method and apparatus of this invention. 

FIG. 1 0 shows a flow chart of a variation of subroutine TEST comprising part of another embodiment of the method 
as and apparatus of this invention. 

FIG. 11A-11B show a flow chart of a variation of subroutine WALK comprising part of another embodiment of the 
method and apparatus of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

10010] Referring to FIG. 1. a motor vehicle 40 is provided with a power steering system 24. which in this embodiment 
is an electric power steering system. Power steering system 24 may comprise a conventional rack and pinion steering 
mechanism 36. which includes a toothed rack 50 and a pinion gear (not shown) under gear housing 52. As a hand 
wheel 26 is turned by a vehicle operator, an upper steering shaft 29 turns a lower shaft 51 through a universal joint 34; 
and lower steering shaft 51 turns the pinion gear. Rotation of the pinion gear moves the rack, which moves the tie rods 
38 (only one shown), which move steering knuckles 39 (only one shown) to turn steering wheels 42 (only one shown). 
[001 1] Power assist is provided through a controller 1 6 and a power assist actuator comprising an electric motor 46. 
Controller 16 receives electric power from a vehicle electric power source 10 through a line 12. a signal representative 
of the vehicle velocity on line 1 4. and steering pinion gear angle signal from a rotational position sensor 32 on line 20. 
As hand wheel 26 is turned, a torque sensor 28 senses the torque applied to hand wheel 26 by the vehicle operator and 
provides a handwheel torque signal to controller 1 6 on line 18. In addition, as the rotor of motor 46 turns, rotor posrtion 
signals for each phase are generated within motor 46 and provided over bus 30 to controller 16. In response to the veto- 
cle velocity, operator torque, steering pinion gear angle and rotor position signals received, controller 16 derives desired 
motor currents and provides such currents through a bus 22 to motor 46. which supplies torque assist to steering shaft 
29 51 through worm 47 and worm gear 48. H torque sensor 28 is the type which requires upper steering shaft 29 to be 
separated at the sensor between upper and lower sections allowing some range of rotational independence, both rota- 
tional position sensor 32 and warn gear 48 are assoc ia'.-d with the lower section of the steering shaft, below torque 
sensor 28 as shown. 
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[0012] Rack 50 and its associated * ■ 
center position, at which ^ 

direction. In other embodtaZ. 9 JUmps or " ro,ls to ren ea t thl . 9 668 10 the ,efl «* right of the 
haif (1 80 degrees, VSS&'Z? 06 Set u " to P^^S^S ^ ^ in ^ 
^efullrangeofra^ 

■ vojage may correspond to a pluXtfr^, ^ Si9 " al of ser *°r 32 by S fmh ""^ * r °' ,over «** 
W014] , n order to exptJCwrl^ T ^ ^ P ° Eitions ' °"'y onertSi* i^?^ a °™ 

0015] Reterring t0 p|Q Charte * 5-7. together with the graphs of 

» values in a roller ^Z^^^ Wilh ,he *i ^CZTnteTT ^ incr ^ 
vanes continuously before ralZ ,r! ~* 1 "° ad ' acent sections The total r^ 9 . ^ 660 1,16 ni 9 ne s* and lowest 
center section of uSXSSST' 980 de <> rees ■* embcSment TiSSF,?* ,hrouflh 
the initial sensor ou^STe^ f^ 

W016] RetumingTp IgII;'^ ^ ** ,he * °" Ss cm™^™^* 0 <9 < + ^ degrees F 0 ? 
performed at 106 A roltovp, J v 0Ulput is ,este d 'or rollover atinT !!?•? ° f the flra P h - 
output to detect wnT^S^^^ conpensa« 0 n « 

(corresponding ,o . ?o„ove * s^Z? *" increasin 9 "n2S^^ J 2T* ,0n Pr ° Vides a "J 
"crease of -360 degrees •hiSS^J?'™ 1 V °' ,a9e ,0 i,s ^To^eZ'^ + , 18 ° t0 " 180 
rans.t.on in tne same " p™ 5 '" 9 8ansor rolls over from - 80 toS T but op P° site step 

'ull scale output as shown in Z ?Z , " addlt,onal 360 degree rollover Z?. 80 d69rees - additional rollover 
^ testing purposesTSe ton 90 ° f RG 3 " Bl * this JS^^S^T 0 ** ^ 
andeachofwEichissepaX^m^ 

«onal lines 91 and 92 XSSZT^ 0ttlers ^ ,he roLer angTe 0 " " neSl 8,1 °' whicn are paraS 

• *>'ute Pos.t.on is given by the following 

remade, of the ignition cycle ^ and ' When d ^rmined with certainty a d ^ ^ ^ * «S 
100171 "^^^ 

06. DONE flag 15 checked at 108 to see Jf fina. 
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Revolution Offset is to be used in the equation for Absolute Position. This will be the case only when the final (presumed 
true) value of Revolution Offset has been determined and fully phased in; and this process typically req Ul res many 
cycles of the program. The DONE flag is thus initialized in a not set condition and will typically remain so for many cycles 
of the program. 

5 [0018] If the DONE flag is found not set at 108, a LATCH flag is checked at 1 10. The LATCH flag will be set only after 
the final value of Revolution Offset has been determined; and this flag also will be initialized as not set and likely remain 
so for a number of program cycles thereafter. Assuming the LATCH flag is not set, the program runs a subroutine TEST 
at step 1 12 In this subroutine certain tests are performed to advance the determination of the final value of Revolution 
Offset and a temporary value of Revolution Offset is provided. Subroutine TEST will be described at a later point in this 

10 description. 

[0019] When the program has returned from subroutine TEST, it calculates the Absolute Position at step 1 16 accord- 
ing to the following equation: 



15 



Absolute Position * Unadjusted Position • Revolution Offset. 
Once the Absolute Position is determined, a return torque may be derived therefrom at step 118: 

Return Torque = f( Absolute Position). 

20 This function may be embodied in a look-up table containing values satisfying the relationship described in the curve of 
FIG 4. Return torque is zero at Absolute Position = 0 (center position) and increases in a return direction with move- 
ment away from that position. This return torque can be added to any other desired torque components into a total com- 
manded torque signal in controller 16. It is also possible that return torque in one direction will be inhibited under some 
conditions, as will be explained later in this description. 

25 [0020] Subroutine TEST is described in detail with reference to the flow chart of FIG. 6. The subroutine first performs 
a series of tests referred to as TEST AND EXCLUDE at step 120 in which a predetermined number of potential values 
of Revolution Offset are tested for possibility in view of the value of Unadjusted Position and the maximum travel of rack 
50 from its center position. Assuming potential Revolution Offset Indexes of 0. +1,-1. +2 and -2. a flag for each is set 
during initialization and, as each is found to be impossible, its flag is reset. The tests are demonstrated below. A Revo- 

30 lution Offset of 0 is impossible and thus eliminated if either of the following expressions is true: 

Unadjusted Position > (+Max Travel), or 
Unadjusted Position < (-Max Travel), 

35 

Wherein Max Travel is the absolute value of the rotational equivalent of maximum rack travel from the center position, 
with a small tolerance adjustment. 

[0021] A Revolution Offset of +1 is impossible and thus eliminated if either of the following is true: 
40 Unadjusted Position < (+360 - Max Travel), or 

Unadjusted Position > (+360 + Max Travel). 
Likewise, a Revolution Offset of -1 is impossible and thus eliminated if either of the following is true: 

Unadjusted Position > (-360 + Max Travel), or 
Unadjusted Position < (-360 - Max Travel). 
so In a similar manner, a Revolution Offset of +2 is impossible and eliminated if either of the following is true: 

Unadjusted Position < (+720 - Max Travel), or 
Unadjusted Position > (+720 + Max Travel): 
and a Revolution Offset of -2 is impossible and thus eliminated if either of the following is true: 

Unadjusted Position > (-720 + Max Travel), or 
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Unadjusted Position < (-720 - Max Travel). 

When only one Revolution Offset Index is left, that one must be correct. Therefore, after performing the tests, the sub- 
routine next examines the Index flags at step 1 22 to determine if only one remains set. If there are two or more, the true 

5 Revolution Offset has not yet been determined; and a temporary value is given to Revolution Offset at step 124. In this 
embodiment, the Revolution Offset is made equal to the Unadjusted Position. Thus, when the program next returns 
from subroutine TEST and calculates Absolute Position, its value will be zero, regardless of the sensor output. This is 
a convenient way of preventing the provision of Return Torque, since it "fools" the torque determining part of the algo- 
rithm into considering the steering wheels 42 to be centered. However, H other information is available which, in the 

10 opinion of the system designer, will provide a usable temporary return torque value, it could be introduced in step 124 
instead. 

[0022] If the tests have left only one Revolution Offset Index remaining, that Index is latched at step 1 26 of subroutine 
TEST and subroutine TEST is exited. On the next cycle of routine RETURN TORQUE, a check of the LATCH flag at 
step 1 1 0 indicates that the flag is set. The true Revolution Offset has now been determined and can be used. However, 

is if controller 16 suddenly changes the Revolution Offset, the Return Torque may undergo a sudden change which the 
vehicle operator will feel through the handwheel. Even if the initial assumption of the sensor output being on line 90 of 
FIG. 7 was correct, the correct corresponding Revolution Offset of zero is most probably not the value in use at the time 
of the determination. In this embodiment, at the time of the latching of the true Revolution Offset Index, the value of Rev- 
olution Offset has not been zero but, as described above, has been set equal to Unadjusted Position to produce zero 

20 Return Torque. Thus, the desired Return Torque is preferably phased in slowly and smoothly. This is accomplished by 
a subroutine WALK, which is called at step 114 before Absolute Position is calculated at 1 16. 
[0023] Subroutine WALK is described by the flow chart of FIG. 7. The subroutine essentially "walks" the value of Rev- 
olution Offset in incremental steps from the value being used at the time a usable or new value of Revolution Offset 
Index is derived toward the target value corresponding to the derived Revolution Offset Index until the first of the follow- 

25 ing to occur: (1) the target value of Revolution Offset is reached, or (2) a true center position is reached. During this 
"walk; a Return Torque is derived based on the Absolute Position calculated from the walking value of Revolution Off- 
set; but it is used only if it would actually provide a Return Torque in the direction of the center position. 
[0024] This may be demonstrated with reference to FIG. 8, in which solid line 160a - 160c shows the desired return 
torque as a function of True Position for a specific example in which a last remaining Revolution Index of zero is latched 

30 at a time when the Unadjusted Position is +1 44 degrees and the Revolution Offset is thus also +1 44 degrees. The True 
Position is the value of Absolute Position corresponding to the targeted Revolution Offset; a value associated with the 
present usable value of Index. The word "true" is used in comparison with the Absolute Position, which is derived during 
the walk to provide an intended steering "feel" and does not actually represent a true steering position until the walk has 
ended. 

35 [0025] It is not desirable to immediately replace the Revolution Offset value of +144 degrees with the target value of 
zero, since this would produce a sudden jump in Return Torque. Left portion 160a of line 160a - 160c shows a normal 
Return Torque from the left. Right portion 1 60c shows the Return Torque from the right, starting with zero at the present 
True Position of +144 degrees. Center portion 160b is a straight horizontal line at zero torque between a True Position 
of zero and the present True Position of +144 degrees. The action of subroutine WALK is to incrementally move right 

ao portion 1 60c toward center, thus incrementally shortening center portion 1 60b, until the latter disappears and right por- 
tion 1 60c meets left portion 1 60 at a True Position of zero. This would represent the first condition for the end of the walk 
as stated above. 

[0026] It must be kept in mind that the walk, and thus the movement of right portion 160c to the left, proceeds slowly 
and steadily under software control; but the steering system, and thus the Absolute Position, may be moved independ- 

45 ently by the vehicle driver in either direction and over a wide range of speeds while the walk is taking place. The vehicle 
driver may, for example, move the steering system to the left at a faster rate than that of the walk. If so. the Unadjusted 
Position will become less than the Revolution Offset, and the Absolute Position determined at step 116 of FIG. 5 will 
become negative. The Return Torque derived in step 1 18 of FIG. 5 will also become negative and thus directed toward 
the right. This is demonstrated in the dashed line extension 160d of line 160c to the left into the negative torque region 

so below the horizontal axis. The torque thus called for would be in the wrong direction; and, as will be described, subrou- 
tine WALK prevents such Return Torque from being applied, as indicated by the solid horizontal center portion 160b at 
zero Return Torque. 

[0027] But if the fast movement of the steering system to the left continues, it may reach center (zero degrees) before 
Revolution Offset (and thus the left end of solid left portion 1 60c). In this case, or in the case where the steering system 
55 is returned to center from the left, the Return Torque will be zero - precisely what it should be at center. There is no rea- 
son why the walk should not be cut short and the target value IND * 360 of Revolution Offset immediately substituted 
for the temporary value being used at the time, since no sudden change in Return Torque will occur. This is the second 
condition for ending the walk as stated above. Since driving maneuvers generally end with the driver straightening the 
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handwheel even a slowly calibrated walk can be quickly ended with this criteria. 

[00281 Referring to FIG. 7. subroutine WALK begins with the present value of Revolution Offset being comparedin 
step 130 with the target value, which is the product of the present usable Index and the rollover angle, in this embodi- 
ment 360 degrees: 

Target Revolution Offset = Usable Index * 360. 

If the values are equal, the target value has been reached, and the walking is finished: this is the first test for the end of 
the walk as described above. Return Torque is authorized in both directions at step 132. since there is now no region 
inwhichthederived Return Torque maybe in the wrong direction (center portion 160b in ™- ^f^^J^: 
The DONE flag is set at step 134, and the program returns from subroutine WALK, ^"f 10 ^^^^ 
step 116 and derives the corresponding Return Torque at step 1 18 of FIG. 5. On all subsequent cycles of the RETURN 
TORQUE routine until the vehicle ignition is turned off (or until an error is detected by opt.onal apparatus not described 
herein), the DONE flag consulted at step 108 will cause subroutines TEST and WALK to be skipped. However. th.s is 
unlikely to occur in the first cycles of the routine. „...■_■ 
[00291 If the present value of Revolution Offset has not reached the target value at step 130. the True PosiUon is cal- 
culated at step 136. The True Position is the value of Absolute Position corresponding to the target value of Revolution 
Offset, derived from the usable Index, with the walk finished: 

True Position « Unadjusted Position - Target Offset. 

The value of True Position is examined at step 138; and, if it is zero, or if it has changed sign signifying that it has 
crossed zero, the second condition for the end of the walk has been met. It is preferred in this test for the end of walk to 
check both for True Position = zero and for True Position having crossed zero, since the motion of the steenng system 
under vehicle driver control is unpredictable and potentially fast, so that a position of zero may be stopped between two 
sensor readings. This is in contrast to the first test for the end of walk, in which the incremental changes in Revolution 
Offset during the walk are completely under software control and may be forced to equal zero precisely when rt is 
reached In some embodiments, however, either or both tests may be expressed as whether the value being tested is 
within a predetermined distance of zero, since a small sudden change in Return Torque produced by a non-zero Abso- 
30 lute Position within the predetermined range about zero may be essentially negligible. _ -^.k^ 

[00301 If True Position is found at 138 to have reached or crossed zero, the walk is ended wrth ^evoluton Offeet bang 
set equal to the Target at 140. Return Torque being authorized from both directions at 132 and the DONE flag set at 
134 as previously described, with the DONE flag preventing further repetitions of the TEST or WALK subroirtnes. 
[00311 But H True Position has not reached or crossed zero, the walk continues as the value of Revolution Offset is 
incremented toward the target value at 142. The sign of True Position is checked to see if rt is to the right of center at 
144 If it is Return Torque from the right only is authorized at 146; and negative values such as those indicated in 
dashed line 160d of FIG. 8 will not be provided. If not. Return Torque from the left only is authorized at 148. Thus, the 
range of Return Torque indicated by line 160a - 160c will be provided to motor 46 during the walk. Subrout.ne WALK is 
then exited' and Absolute Position is calculated at 1 16 of FIG. 5 using the incremented value of Revolution Offset. The 
WALK subroutine will continue to be called from routine RETURN TORQUE, with Return Torque provided or not as 
described above, until one of the conditions for the end of the walk is met and the DONE flag set. after which no further 
testing or walking is done for the remainder of the ignition cycle. .. w~~.t 

[0032] An alternative subroutine WALK is shown in FIG. 1 1 A and 1 1 B. This version of WALK provides an addrhonal 
way to shorten the time required for the walk. Steps 330 - 342 are identical with the similarly numbered steps 230 - 243 
in FIG 7 But even H the first and second conditions have not ended the walk, there is still a possib.lrty that the walk can 
be shortened. If the vehicle handwheel has been turned in the direction of center faster than the walk has proceeded, 
the True Position might be closer to center than the Absolute Position and on the same side. With reference to FIG. 8 
the Absolute Position is in the range of dashed line 160d. Since the final steps 350 - 354 of this subroutine ^will not 
authorize return torque in this area, no return torque will be provided; and operation will actually be along line 1 60b. But 
zero Return Torque will be provided for any value of Revolution Offset as it moves to the left until it passes the value of 
Absolute Position Therefore, under these circumstances Revolution Offset may be jumped immediately to the present 
value of Absolute Position, which will be closer to the Target value, without introducing any sudden increase in return 
torque The Absolute Position is calculated at 344. At 346 (FIG. 11B). the subroutine determines .f True Position is 
between Absolute Position and center. This can be accomplished by comparing the sign of Absolute Position with the 
sign of True Position. If the signs are opposite, then True Position is between Absolute Position and center, and Revo- 
lution Off set is set equal to Absolute Position at 348. If their signs are the same, then True Position is not between Abso- 
lute Position and center, and the subroutine does not change Revolution Offset. The subroutine then proceeds to the 
group of steps 350 - 354. which determine whether left or right return is enabled, in a manner identical to steps 144 - 
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148 Of FIG. 7. 

10033] A variation of routine RETURN TORQUE is shown in FIG. 9, which also includes a variation of the TEST sub- 
routine in FIG. 10. This version is appropriate for an embodiment of the power steering system in which, due to other 
reliable information, Return Torque is authorized before the Revolution Offset is latched. The routine of FIG. 9 is identi- 
5 cal with that of FIG. 5 in steps 102 through 110 and steps IHthrough 118. However, it differs in the procedure followed 
if the LATCH flag is not found set at 1 10. In this case, a TEST subroutine is performed that is shown in FIG. 10, to be 
described below. 

[0034] Referring \o FIG. 10, steps 120 and 122 are identical to those of FIG. 6. From step 122, if there is only one 
Index left, the LATCH flag is set at 126; and subroutine TEST is exited back to routine RETURN TORQUE. This out- 

w come provides the true value of Revolution Offset and initiates a walk as previously described. From step 122 if there 
is more than one Index left, the subroutine seeks a usable Index at 125. This can be through a different test procedure 
not described herein, and may or may not be restricted to the remaining Indexes of step 120. If a usable Index is found 
at 127, it is set as the walk target at 128 before the subroutine is exited. Return Torque is authorized, but no Index is 
latched. If no usable Revolution Offset is found. Revolution Offset is set equal to Unadjusted Position at 126 before sub- 

15 routine TEST is exited. Returning to FIG. 9, after the return from subroutine TEST, it is determined at 1 13 whether an 
Index is set or latched. If either is the case, the WALK routine described earlier is called at 1 1 4 before Absolute Position 
is calculated at 1 16. If not, the routine proceeds directly to step 116. 

[0035] The embodiment of FIG. 9. 1 0 and 7 produces the same result as that of FIG. 5, 6 and 7 before in initial oper- 
ation, with no Index used and no Return Torque authorized while testing, and after an Index is latched, with Return 

20 Torque authorized in a correct return direction and testing stopped while the Revolution Offset is walked to the value 
determined by the latched Index. But it offers a third, intermediate mode of operation in which a usable Index may be 
found by an alternate test or other method and used, with Return Torque authorized in the correct return direction while 
walking Revolution Offset toward a value determined by the usable Index while testing is continued. If an Index is finally 
latched which is different from the Index being used, the target Revolution Offset is changed and the walk continues. 

25 This permits the use of another test procedure which provides a usable Revolution Offset sooner in some driving modes 
with a final determination provided by the tests of step 122. 

Claims 

30 1 . Method for producing a desired return torque in a vehicle power steering system 24 having a steering position var- 
ying through a total range about a center position, the vehicle power steering system having a steering shaft 29, 51 
with an actuator 46, 47, 48 coupled thereto for the provision of return torque and a rotational position sensor 32 pro- 
viding an output signal varying between a minimum value and a maximum value with consecutive rotations of the 
steering shaft through a rollover angle, whereby rollover transitions are generated between such consecutive rota- 

35 tions, the total range of the steering position being greater than a single rollover angle so that each output of the 
rotational position sensor indicates a plurality of potential steering positions separated from each other by integer 
multiples of the rollover angle, the method comprising: 

upon initiation of vehicle operation, initially choosing an unadjusted steering position from the plurality of poten- 
40 tial steering positions corresponding to a sensed initial output of the rotational position sensor; 

repeatedly updating the unadjusted steering position in response to output changes of the rotational position 
sensor, including sensed rollover transitions, so that the unadjusted steering position varies continuously over 
the total range of the steering position; 

starting with a predetermined set of revolution offsets differing by integer multiples of the rollover angle, repeat- 
45 edly testing the unadjusted steering position as it is updated to determine which of the revolution offsets in 

combination with the unadjusted steering position provide potential steering positions which are outside the 
total range of steering position and excluding those revolution offsets so determined; 
while at least two revolution offsets remain unexcluded, deriving a first return torque command and providing 
the first return torque command to the actuator to produce a first return torque; 
so after only one final revolution offset remains unexcluded, deriving an absolute steering position from the one 

final revolution offset in combination with the unadjusted steering position, deriving a second return torque 
command from the derived absolute steering position and providing the second return torque command to the 
actuator to produce a second return torque. 

55 2. The method of daim 1 in which the first return torque command is derived from a temporary revolution offset in 
combination with the updated unadjusted position to produce zero return torque. 

3. The method of claim 2 in which, when only one final revolution offset remains unexcluded, the temporary revolution 
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offset is changed in incremental steps toward the one final revolution offset with the first return torque command 
continuing to be derived from the temporary revolution offset so changed in combinat.on with the updated unad- 
justed position but provided to the actuator only when producing a return torque in a correct direction. 

4 The method of claim 3 in which, while the temporary revolution offset is in use, use of the first torque contend is 
' allowed in only a single direction chosen to provide centering of the power steering system as determined in 

response to a true steering position, derived from the one final revolution offset and the updated unadjusted steer- 
ing position. 

5 The method of claim 3 in which the change of the temporary revolution offset toward the one remaining revolution 
' offset and the provision of the first return torque command are ended when the temporary revolut.on offset amves 

within a first predetermined small distance of the one final revolution offset. 

6 The method of claim 3 in which the change of the temporary revolution offset toward the one remaining revolution 
offset and the provision of the first return torque command are ended when a true steering position, derived from 
the one final revolution offset in combination with the updated unadjusted position, arrives with.n a second prede- 
termined small distance of the center position. 

7 The method of claim 3 in which the change of the temporary revolution offset toward the one remaining revolution 
offset and the provision of the first return torque command are ended when a true steering position, derived from 
the one final revolution offset in combination with the updated unadjusted position, crosses the center position. 

8 The method of daim 1 in which the f irst return torque command is derived from a temporary revolution offset in 
combination with the updated unadjusted position to produce the first return torque and. when only one final revo- 
lution offset remains unexcluded. the temporary revolution offset is changed in incremental steps toward the one 
final revolution offset with the first return torque command continuing to be derived from the temporary revolution 
offset so changed in combination with the updated unadjusted position and provided to the actuator only when pro- 
ducing a return torque in a correct direction. 

9 The method of claim 8 in which, while the temporary revolution offset is in use. use of the first torque command is 
allowed in only a single direction chosen to provide centering of the power steering system as determined in 
response to a true steering position, derived from the one final revolution offset and the updated unadjusted steer- 
ing position. 

10 The method of claim 8 in which the change of the temporary revolution offset toward the one remaining revolution 
offset and the provision of the first return torque command are ended when the temporary revolution offset arrives 
within a first predetermined small distance of the one final revolution offset. 

1 1 The method of claim 8 in which the change of the temporary revolution offset toward the one remaining revolution 
offset and the provision of the first return torque command are ended when a true steering position, derived from 
the one final revolution offset in combination with the updated unadjusted position, arrives within a second prede- 
termined small distance of the center position. 

12 The method of claim 8 in which the change of the temporary revolution offset toward the one remaining revolution 
offset and the provision of the first return torque command are ended when a true steering position, derived from 
the one final revolution offset in combination with the updated unadjusted position, crosses the center position. 

13 The method of daim 1 in which the first return torque command is derived from a temporary revolution offset in 
combination with the updated unadjusted position to produce the first return torque and, wh.le at least two revolu- 
tion offsets remain unexcluded. a usable revolution offset from the predetermined set of revolution offsets is set as 
a target and the temporary revolution offset is cHanged in incremental steps toward the usable revolution offset with 
the first return torque command continuing to be derived from the temporary revolution offset so changed in com- 
bination with the updated unadjusted position and provided to the actuator only when producing a return torque in 
a correct direction. 

14. a vehicle power steering system comprising, in combination: 

a rotational steering member 26 controlling the attitudinal direction of a vehicle steering wheel through steering 
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(54) Apparatus and method for producing a desired return torque in a vehicle power steering 
system 



(57) A vehicle power steering system 24 has a steer- 
ing shaft 29, 51 with a rotational position sensor 32 pro- 
viding signal rollover so that each sensor output indi- 
cates a plurality of potential absolute steering positions 
separated from each other by multiples of a rollover an- 
gle. Upon each initiation of vehicle operation, the system 
selects, as an unadjusted steering position, one of the 
plurality of absolute steering positions corresponding to 
an initial sensor output; and the system repeatedly up- 
dates the unadjusted steering position in response to 
sensor output changes, Including sensed rollover 
events. The system repeatedly tests a set of revolution 
offsets with the updated unadjusted steering position 
and excludes any which indicate an out-of-range abso- 
lute steering position. The final remaining revolution off- 
set is latched as the correct value. Preferably, a tempo- 
rary value of revolution offset used with tho unadjusted 
position during the testing provides a return or centering 
torque of zero: and, once the final value is latched, the 
temporary value is walked incrementally toward the final 
value, when the return torque value is in the correct 
centering direction, to avoid a sudden increase in return 
torque or a return torque in the wrong direction. The walk 
ends when (1) the temporary value of revolution offset 
reaches the final value or (2) the true value of steering 
position, derived from the final value of revolution offset 



and the unadjusted position, reaches center, whichever . 
occurs first. Thereafter, the final value of revolution off- 
set is used with the updated unadjusted value to deter- 
mine the absolute value, and thus return torque. 



V04CXE 

vaocrrv 




FIG. 1 



Pnntod by Jouve. 75001 PARIS (FR) 



EP 0 967 135 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppllcMlon Numbtr 
EP 99 20 1911 




EP 0 349 968 A (SIEMENS AG) 
* COlUnn 3 ' 1,ne 21 ' Une 30; f igures 2>3 



1,14 



11*14 



APPLICATION lk,LCI q 



662D5/04 
B62D15/02 



TECHNICAL REUS 
SEARCHED mCUS) 

B62D " " 



a 

s 



3 
8 



The present warch report has tewm , 
5—- ^ ™ S ^"^awn for all claims 



Haw o* itvcfi 

BERLIN 

CATEGORY OF CITED DOCUMENTS 

alone 



16 Apri I 2002 



Wiberg, s 



r the invention 
Pushed on, or 



T^lhoofyorprinclptew, 



' <EP 086713SA3 I , 



2 



EP 0 967 135 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 20 1911 



This annox lists the patent family members relating to the patent documents cited in the above-mentioned European search report 

The members are as contained in the European Patent Office EOP file on ..... , • , ,,„ 

The Eurooean Patent Office Is In no way liaWe for these particulars which are merely given for the purpose of ^formation. 

16-04-2002 



Potent document 
cited in search report 


Publication 
date 


Potent family 
member(s) 


Publication 
date 


EP 0349968 A 


10-01-1990 


FR 


2633889 Al 


12-01-1990 




DE 


68909331 Dl 


28-10-1993 1 


i 




DE 


68909331 T2 


24-02-1994 






EP 


0349968 Al 


10-01-1990 






ES 


2043972 T3 


01-01-1994 






US 


5027648 A 


02-07-1991 


US 4909343 A 


20-03-1990 


JP 
JP 
DE 
GB 


1233169 A 
2604620 B2 
3998218 Al 
2217274 A ,B 


18-09-1989 
30-04-1997 
28-09-1989 
25-10-1989 



ui For more details about this annex : see Official Journal of the European Patent Office, No 12/82 



3 



